Abstract: Poly (acrylamide-acrylic acid-dimethylaminoethylmethacrylate), p(AM-AA-DMAEM) and Poly(acrylamide-acrylic acid)-ethylenediaminetetracetic acid disodium, p(AM-AA)-EDTANa 2 were prepared by gamma radiation-induced template polymerization technique and used for the separation of Ga (III) from Cu (II), Ni (II), and Zn (II) in aqueous media. The effect of pH and contact time on the separation process was studied. The optimum pH value for the separation process is 3-3.5. The result shows that Ga (III) is first extracted while Cu (II), Ni (II) and Zn(II) are slightly extracted at this pH value. The recovery of metals using HCl, HNO 3 and H 2 SO 4 has been studied. The resins may be regenerated using 2M HCl solutions.
Introduction
The separation of metal ions present as contaminants in water is complicated by the number of variables that must be considered, including the solution composition, the pH, and the presence of organic substances [1] . Ionexchangers and chelating resins are very often used in the removal, preconcentration and determination of various metal ions in aqueous solutions [2] . Resins are particularly useful in metal recovery, when the concentration of targeted ion in solution is small and thus the treatment of large volumes of solution is inevitable [3] . The efficacy of the metal removal process depends on two sets of parameters. Firstly, on the process parameters such as type and charge of target ion(s), type, charge and concentration of ballast ion(s) and pH of the solution. Secondly, on the properties of the ion-exchange/coordination resin such as crosslinking degree, swelling under process conditions and, to a large extend, on the type and structure of the ligands present in the resin structure. Since the first set of parameters is process dependent and usually cannot be changed a considerable effort is being devoted to the development of polymeric resins bearing new, more efficient types of functional groups, which are able to perform selective and efficient separations. These resins can have one or more types of groups attached to their surface [1, 3, 4] . The presence of two or more types of functional groups gives the possibility of taking the advantage of co-operative action of different groups on the ions present in solution. Such synergistic effects are known for along time have been exploited in liquid-liquid extraction [5] . Selectivity can be increased with ligands that can coordinate or chelate with the target metal ion [6] . Gallium is one of the indispensable rare metals in the manufacture of electronic devices [7] . The use of gallium in semi-conducting compounds for photovoltaic cells and computers has generated interest in finding an economic process for its recovery. Due to the increasing demand for gallium in electronics, the recovery of Ga(III) from different primary and secondary sources is of great importance. Ga(III) is usually present in small amounts compared to similar metals (Al, Fe, Zn), since the main sources of gallium are the Bayer solutions of aluminium and the acid sulphate or chloride solutions from hydrometallurgical production of zinc [8] . Gallium was also used in the medical application where 67 Ga is used for palliation of bone pain due to Meta static bone lesion . It also used to detect inflammation in patients. The importance of 67 Ga scintigraphy as diagnostic tool and its ability to both identify tumor and differentiate viable tumors from non viable tumors and/or non tumor tissues [9] . Recovery of gallium from aqueous solutions can be achieved by several processes: chemical precipitation, ion exchange and adsorption or solvent extraction are some of the most commonly used; each has its merits and limitations in application [10, 11] .
Many separation studies have been reported, some of them were applied for separations of pure gallium radioisotopes produced by cyclotrons or nuclear reactors. Gallium was produced via cyclotron; therefore it was separated from the target material and target holder (Zn, Ni and Cu respectively). Separation studies are mainly ion exchange and solvent extraction techniques.
67 Ga can be separated from an irradiated target by a pre-conditioned Dowex-50 resin column (H + form, 10 cm x 1cm) in the column 67 Ga is retained while copper and zinc come down. The column washed thoroughly with concentrated HCl till the washing is colorless, i.e. free of copper; Gallium is then eluted from the column with 3.5 M HCl. Also, gallium can be separated from 68 Zn target with 8M HCl from a cation exchange AG 50W-X8 column [12] .
Different polymeric resins were synthesized and used for the separation of the metal ions from aqueous solutions investigated by several authors. Polycalixarene used for the separation of Ga(III) from solution containing In(III) and Tl(III) [13] . An extraction resin containing 2-ethylhexyl phosphoric acid mono(2-ethylhexyl) ester used for the separation of In(III), Ga(III) and Zn(II) from sulfate solution [14] . Activated bentonite using a factorial design used for the removal of Ga(III) from aqueous solution [15] .
The aim of the present work is the use of acrylamide polymeric resins which prepared by gamma radiationinduced template polymerization technique and used for the separation of Ga(III) from the solution containing Cu(II), Ni(II)) and Zn(II) in aqueous media.
Experimental

Materials
N, Nٰ methylenediacrylamide and acrylamide, were obtained from (BDH), acrylic acid monomer and dimethylaminoethylmethacrylate were obtained from Merk (Germany), and EDTANa 2 obtained from Oxoford laboratory reagent.
Where DAM is =
Preparation of polymeric materials
Polyacrylamide, p(AM), was prepared by gamma radiation-initiated polymerization of 10% acrylamide monomer solution using gamma radiation at a dose 10 kGy [16] .
P(AM-AA-DMAEM) shown in Fig. 1 , was prepared by template copolymerization of acrylic acid and dimethylaminoethylmethacrylate on polyacrylamide in the presence of N,N methylenediacrylamide, (DAM) as crosslinker [17] .
P(AM-AA)-EDTANa 2 shown in Fig. 2 , was prepared by gamma radiation induced template polymerization of acrylic acid on p(AM) in the presence of EDTANa 2 and N,N methylenediacrylamide, (DAM), as crosslinker [17] . 
Batch sorption studies
The ion exchange behavior of the metal ions of Ga(III), Cu(II), Ni(II) and Zn(II) towards the synthesized polymeric materials was studied using the batch technique where, 40 mg of each resin was equilibrated with 20 ml aqueous solution containing the desired metal ion. The uptake percentage of the studied ion on the polymeric materials was determined using ICP-a Jobin Yvon ICP-AES spectrometry model Ultima2. The uptake percentage was determined using the following equation [18] :
Where A 0 , A are the concentration of the metal ion before and after addition the resin, respectively. The amount of metals adsorbed per gram of dry resin, expressed as Q, was calculated as the change of metal concentration before and after equilibration divided by the weight of the dry resin used. The distribution coefficient of a metal, D, defined as the ratio of metal concentration in the resin phase (mol g -1 ) and the aqueous phase (mol ml -1 ), is represented as;
Where Ce denotes the equilibrium concentration of metal in the aqueous solution.
Column studies for adsorbing and stripping metals
For continuous extraction, a glass column 4.6 x 100 mm was packed with two polymeric resins using the slurry-packing technique. A total of 1.0 g of resin was introduced (packing depth 50 mm). The columns were controlled by fraction collector: the flow rate was 2 ml per 1 minute. Preliminary experiments were performed using single component solution at a concentration of 100 ppm of metal ions and pH was controlled at the optimum pH for selective separation established in previous batch experiments. Eluant solutions of HCl, HNO 3 and H 2 SO 4 were used for the recovery of metals from loaded resins. All the experiments were carried out at room temperature (25 0 C).
Result and Discussions
Batch experiments
Effect of pH on the uptake of matrix
The effect of pH values on the uptake percentage of Ga(III), Zn(II), Cu(II) and Ni(II) mixture onto p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 are shown in Fig.  (3, 4) . The data show that generally, the higher uptake percentages increase with increasing the pH this can be attributed to the effect of pH on the polymeric materials. At low pH value, the amide and amino groups are most present in protonated form, leading to imidation of amide groups with the formation of intermolecular cross-linking between polymeric chains, which inhibits their complexation with metal ions. With increasing pH, the degree of protonation decreases which leads to increasing interaction between polymeric materials and metal ions. By increasing pH, the degree of ionization of carboxylate groups (pKa = 2.45) of polymeric materials increase as well, which facilitates the cation exchange. Moreover, at high pH the amide and amine groups of 
Separation power
The selectivity coefficient is usually determined using multi-component solutions and calculating the ratio between the distribution coefficients of each metal. In the present work, we used previous results (Uptake percentage vs pH with matrix-component solutions) to get a separation power coefficient (SP %). This coefficient was calculated using the following equation [14] :
Where SE M1 is the extraction efficiency of Ga(III) and SE M2 is the sum of extraction efficiency for Cu(II), Ni(II) and Zn(II) The values of the distribution coefficients were extrapolated in order to obtain the corresponding values of the separation power. This parameter enables the optimum pH range for metal separation to be predetermined simply and quickly. Using the data of Fig. 3, 4 the separation power was calculated as shown in Fig. 5 . At pH 1.5 to 2.5, the separation power less than 50%. A separation power greater than 80% may be obtained at a working pH ranging between 3.0 and 3.5 for the separation of Ga(III) from Zn(II), Cu(II) and Ni(II). On the other hand, the separation power for Ga(III) from Zn(II), Cu(II) and Zn(II) does not exceed 60% up to pH 4. Thus this resins can be used to separate Ga(III) from Zn(II), Cu(II) and Ni(II) at pH 3.0-3.5, and consider the best pH values to separate Ga(III) from other metals.
Effect of contact time
The variation of the uptake percentage of Ga(III), Cu(II), Ni(II) and Zn(II) ions (at concentration 100ppm for each metal and at pH 3.5) from aqueous solution with time was measured by p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 . The results are shown in Fig. 6, 7 . The uptake increases with increasing the time for Ga(III) and Cu(II). The equilibrium time for removal of Ga(III) onto p(AM-AA-DMAEM) and p(AM-AA)- EDTANa 2 was found to be (30, 60), respectively. The uptake value for Cu(II), on the p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 slightly increase with time, and reaches 40% after 180 minutes. Ni(II) and Zn(II) were slightly extracted for with time. The complete sorption of Ga(III) on the use polymeric material relative to other metal which present in the investigated mixture can be attributed to higher ionization potential of Ga(III) relative to the other metal ion as discussed above.
Stoichiometric of sorption of gallium ions by two resins
From Fig. 8 The adsorption capacity of p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 toward Ga(III) was evaluated as 45.5 and 50 mg g -1 respectively. The molar ratio of Ga(III) to p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 was determined as 1: 3.09 and 1: 3.26 respectively. Both values nearly 1: 3. Accordingly, the sorption of Ga(III) ions by two resins can be described with the following general reaction:
Where M 3+ denotes Ga(III)
Chromatographic Separation
Effect of flow-rate
The effect of varying flow-rate from 0.5 to 3 ml min -1 on the separation of Ga(III), Cu(II), Ni(II) and Zn(II) was investigated in the column procedure. The studies show that these ions can be sorbed quantitatively by two polymeric resins at 0.5-2.5 ml min -1 . However, increase in flow rate results incomplete sorption due to the insufficient contact period between the polymeric resins and the metal solutions.
Breakthrough Studies
The breakthrough studies are more significant for chromatographic separation of metal ions than batch studies. The breakthrough curves for Ga(III), Cu(II), Ni(II) and Zn(II) at the flow rate 2ml min -1 and bed depth 50mm on p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 are shown in Fig. 9, 10 .
Both Curves are show that: Ga(III) was completely adsorbed onto p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 resins at 150, 200 ml respectively. By increasing the volume up to150, 200 ml the concentration of Ga(III) increases this due to disappear the active site of polymeric resins. While Cu(II) slightly adsorbed on two polymeric resins specially in the case of p(AM-AA)-EDTANa 2 . The slight sorption of Cu(II) on p(AM-AA)-EDTANa 2 can be attributed to the higher content of carboxylate groups of AA and EDTANa 2 . This leads to decrease the sorption of Ga(III) on p(AM-AA) EDTANa 2 . Consequently, the p(AM-AA-DMAEM) more selective than p(AM-AA)-EDTANa 2 for the separation of Ga(III). On the other hand, Ni(II) and Zn(II) were not adsorbed on two polymeric resins.
Stability test
The stability of synthesized p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 was tested with acids (hydrochloric acid, sulfuric acid and nitric acid). The p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 are stable in all concentration of three acids.
Effect of eluants
The percentage elution of Ga(III), Cu(II), Ni(II) and Zn(II) onto p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 from column by various eluants and different concentrations of mineral acids is given in Table 1 , 2. Since the stability of the sorbed complexes the polymeric resins decreases with the increase in the hydrogen ion concentration as observed during sorption studies, the sorbed metals can be easily eluted with mineral acids.
Hydrochloric acid was used as the stripping agent as its stripping effect is better than that of sulfuric acid and nitric acid, A slightly higher concentration of acid is required for the for the elution of Ga(III) compared to Cu(II) but Ni(II) and Zn(II) did not adsorbed on the column. This means that Ga(III) and Cu (II) are adsorbed on the same resin column could be separated by two steps by using hydrochloric acid of different concentrations onto p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 .
The data of Table 1 , 2 show that, Ga(III), Cu(II), Ni(II), and Zn(II) have different extents of extraction according to pH and different extents of striping according to acid concentrations. Such differences can be exploited 
Cyclic properties of the resins
To check the regenerating capacities of the synthesized p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 it was subjected to repeated sorption and elution studies of Ga(III), Cu(II), Ni(II) and Zn(II) at the optimum conditions. It was found that up to five cycles of sorption and elution there is apparently no change in the sorption capacity of p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 .
Conclusions
The results show that, p(AM-AA-DMAEM) and p(AM-AA)-EDTANa 2 have been synthesized and showed high sorption capacity for Ga(III). Selectivity in the pH of sorption enabled the separation of these metal ions by selective adsorption on the column. Conditions were also established for the separation of Ga(III) from Cu(II), Ni(II), and Zn(II). Higher selectivity for separation of Ga(III) from Cu(II), Ni(II), and Zn(II) in aqueous solution at pH 3 -3.5. Hydrochloric acid was the best eluant for the separation process. 
